Abstract
Introduction
The increased awareness on issues related to competition on soil use has driven the attention of policy makers on the future challenges for the European agriculture in the period after the ongoing reform. Sustainability of agriculture is faced by land take which is in turn promoted by increasing urbanization pressures. Such pressures respond not only to socio-demographic trends but also to the need of local administration to balance current expenditures with land use rights (Pareglio, 2013) . In this respect, the recent crisis might consolidate and even stimulate this trend in expanding urbanization, especially in small and medium sized cities, where land represents a scarce resource to a lower extent only.
Alongside sustainability of agriculture, in terms of natural resources and, hence, land, consideration is given to the promotion of agricultural diversification with the objective to preserve territorial-specific characters of local agriculture. It is not surprising that academic and policy discussion about land use policies turns central in the discussion about the future of rural development actions in Europe (MIPAAF 2011; European Commission 2012) . In fact different modes of urban expansion have provoked differentiated land use patterns with related consequences on agricultures, especially in rural territories at the margins of large agglomeration. Central appears, therefore, to establish a connection between the spatial structure of a city and the use of land. Unfortunately land use data are scarce, on the one side.
On the other side it is not as easy to provide a classification of urban spatial structure allowing comparison across heterogeneous territories.
In an attempt to produce a territorial characterization of local agricultures, the traditional approach followed in agricultural economics literature has been based on multivariate statistical analysis (Cannata, 1985 (Cannata, , 1995 Anania e Tarsitano, 1995; Cannata e Forleo, 1998) .
In these studies, at a national level, the territorial characterization has been pursued by introducing socio-environmental and economic variable in the statistical analysis. In this way, the synthetic output was capable of representing the rural dimension of territories alongside other dimensions closely related to agriculture. Building on this framework, some other studies have proposed detailed classification of territories at a more local, usually regional scale (Esposti, 2000; Gallego, 2004; Vard et al. 2005; Anania e Tenuta, 2008; Asciuto et al, 2008) , frequently with more emphasis on some particular variables to capture local specificities of that territory. The focus of this stream of literature is, however, more on the territorial characterization of the local agro-economic systems. Few is said about the relation between urban structure and use of resources in general and, more specifically, of land. This is because, on the one side, the methodological approach (multivariate analysis) does not allow moving beyond the evidence suggested by the statistical association. In other words, no causal link can be established between socio-agri-economic characters and land use. On the other side, the output of a multivariate statistical analysis is usually an indicator expressing the degree of urbanization. The relation between urbanization and land use is then implicitly assumed and not further investigated.
In this paper the issue is approached from a different perspective. By focusing solely on land as a production factor, the work is aimed at constructing a link between land use patterns and urban spatial structure. Although the analysis belongs, in methods and contents, to the urban and regional studies literature, the issues discussed in this work are closely connected with agriculture. Actually, land is a primary input in the agricultural production and, within the more general discussion on sustainability of rural development, urbanization density is likely the best predictor of a variety of territorial characters ultimately connected with agriculture and with rural development, such as, for instance, population density, income, provision of services. In fact, recent research has shown that land use patterns provide the best characterization of the territories in relation to their urban/rural structure (Pareglio e Pozzi, 2013) . Finally, it is worth to recap that land is the most important resource for which the urban and the rural economy compete in the same territory.
With respect to the methodology, the paper aims at detecting a clear relation between urban spatial structure and land use/take. Admittedly, the most noteworthy effort in this work is the attempt to estimate the urban structure as the density degree of urbanized area in available land.
Thus, the methodological approach is arranged in a two step procedure. To approximate urban spatial structure we use Central Business District Theory and estimate the density gradient. This is taken and interpreted as a measure of city compactness, hence when the density gradient is high the city is compact and when the density gradient is low the urban spatial structure is more characterized by sprawl. In the CBD literature, the optimal size of the city is in fact determined by, among others, the consumer preferences on income, housing space and travel time. The optimal size of the city defines an urban fringe separating rural territories from the urbanized area. A lower gradient indicates that the market for agricultural land clears at a lower distance from the centre and hence that, ceteris paribus, the fringe will be located closer to the city, saving peri-urban agricultural land from the urbanization pressures. The measure is also preferred to standard indicators such as population density for two main reasons. Firstly population density says very little about how urbanized areas are distributed in the geographical space of the territory as the same level of population density may in fact correspond to very different geographies of urbanization. Secondly, population density highly correlates with urbanization density, which is used as a measure of land use in this research.
Once density gradient is estimated, in the second step, a relation is built between land use, measured as the urban to total land ratio at the municipality level, land take, measured as the change of this ratio between two periods, and urban spatial structure, described by the density gradient. This is a simple linear relation and does not in fact contribute assessing any causality between spatial structure and land use/take 2 . Concerning the relevance of this analysis for the agricultural sector the change in land use over time is considered the best proxy of land take based on available data. On the one hand it clearly accounts for the change in urbanization patterns. On the other hand, being urbanized area the complement to one of agricultural area (and assuming that forestry area remains constant), it is also capable of accounting for the dynamic in Usable Agricultural Area (UAA).
The analysis is based on municipality data for the Lombardy region. All data come from the statistical office of the Region and are made available to the public through the geoportal 3 .
Available data provide measures of urbanized land and hence allow determining the urbanized to total land ratio and its change over time. More precisely data is available for the years 1999 and 2007. Density gradient is estimated at the provincial level (LAU1 in Eurostat classification) using the share of urbanized area as dependent variable and, for robustness check only, using population density.
Results provide clear evidence that lower than expected land take is associated with a more compact urban structure. The remaining of the paper is organized as follows. The next section describes the methodology used to estimated the density gradient. Estimation results are presented and discussed in section three together with the figure relating urban structure to land use and land take. Follow conclusion.
Methodology
2 An analysis of the causal relationship would in fact require taking into account more complex dynamics closely related to the characters of the agriculture and to the different uses of agricultural land across the whole territory and is definitely beyond the scope of this work. 3 http://www.cartografia.regione.lombardia.it/geoportale. This section briefly introduces econometric methodologies used for the empirical analyses.
Presented methods are considered the standard workhorse of the economic literature investigating urban spatial structure and the objective is that of measuring the linkage between the degree of urbanization and the distance from the main centre of economic activity (Central Business District).
After seminal works of Alonso (1964) , Mills (1967) and Muth (1969) The main implication of a mono-centric urban structure is that urbanization density exponentially declines with increasing distance from CBD. Such prediction can be used, in fact, to explain a variety of phenomena related to urbanization such as, for instance, variation in housing prices, in land values and in population and employment densities.
Rarely studies have considered the share of urbanized area as a proxy for urbanization density. This is probably to be attributed to the lack of consistent and comparable measures of land use. This might appear surprising, at least considering that land use conversion pushed by urbanization pressures is a considerably warning phenomenon related to population and income growth (Brueckner 2000) .
The main objective of CBD literature is the estimation of density gradient, hence the model parameter describing how urbanization density varies at varying distances from CBD. This is a simple but meaningful indicator of urban spatial structure. The coefficient is expected negative and, the larger its magnitude in absolute value, the more compact is the urban structure. Hence low coefficients can be interpreted as evidence of urban sprawl. Following the standard empirical specification in equation (1), the density gradient can be measured as the absolute value of the b parameter.
(
This empirical specification has become very common, provided that the complex non linear dynamic predicted by the theoretical model is simplified into a linear model to be estimated with common methodologies. In equation (1) i U is the urban density, in this case the ratio of urbanized to total area while i D is the geographical distance separating the municipality from the CBD (assumed to be the main city in the province). Finally a is the estimate of the log of urbanization density in CBD and i e is the stochastic disturbance.
Following this stream of literature, this work is concerned with estimation of density gradients for the provinces in the Lombardy region. The availability of a unique data source at the regional level allows the comparison of results and, hence, of the different urban structures dominating urbanization patterns in the provinces of Lombardy. For the purpose of our empirical analysis, the estimated density gradients are used, in a second step, to relate urban structure to land use and land take.
Concerning estimation of the density gradient, a common problem in cross sectional studies is the violation of the independence hypothesis made about the error term (Anselin, 1988a; 1988b) . This is particularly the case of urbanization density, since land use decisions are The W matrix in equation (2) is a row-standardized contiguity matrix expressing the contiguity relations between municipalities in the same province. The contiguity relations are defined using the threshold distance criterion, according to which municipalities are said to be neighbouring if the distance separating them is below a given threshold. By time to time the threshold at the provincial level is defined in a way to allow each municipality to have at least one neighbour.
Results
Estimation results based on equation (2) Finally, for what concerns the spatial autocorrelation coefficient  , this is always positive and significance with the only exception of Mantova. Based on existing evidence, the result in this empirical analysis confirm the prominence of spatial relations for the urbanization process. It is possible to infer that urbanization pattern at the municipality level is affected also by forces operating at a larger spatial scale.
Once the density gradient, a summary measure of the compactness of cities, has been estimated, it is possible to construct a relation between land use (the urbanized to total land ratio in 1999), land take (variation in urbanized to total land ration between 1999 and 2007) and urban structure (compactness). The purpose of this part of analysis is to see whether spatial structure can affect land use and its change. The three measures have been plotted together and the result is presented in the figure 1. z-stat in parenthesis. ***, ** and * denote significance at 99%, 95% e 90% respectively.
In the vertical axis it is indicated the average (at the provincial level) land take between 1999 and 2007, while average land use (at the provincial level) is indicated in the horizontal axis.
Again, based on average data, the provinces of Milano, Monza and Brianza, and to a lower extent also Como, Bergamo, Lecco and Varese, exhibit a high value of land use. By the opposite the highest land take has happened in provinces of Mantova, Lodi and Cremona, and in Milan to a lower extent.
The negative line has been obtained by interpolation of average data. Immediately the relation between land take and land use appears negative, meaning that a large land take has characterized areas with lower scarcity of land. In fact, the phenomenon of land use change and hence reconversion of land use from agriculture to urban, is a character of areas in which urbanization density was lower in 1999.
In the figure, the dimension of the circle associated to each province represents the value of the density gradient previously estimated. The larger the circle, the more compact is the urban spatial structure. 
Conclusion
This empirical work has been concerned with the relation between land use, land take and urban spatial structure. The issue is of particular relevance for agricultural policies to the extent that a correct use of land, scarce by definition, represents nowadays a necessary condition for the effective implementation of sustainable rural development programs. Development cannot be considered as sustainable if economic and population growth subtract resources to agriculture, hence impeding rural development. Subtraction of resources to agriculture is a central issue in the debate about the future of agricultural and rural policies in Europe. In particular, given that economic growth requires a certain degree of urban development, which urban structure is more effective with respect to the objective of preserving land?
In an attempt to provide a different viewpoint on the issue, this paper presents empirical analysis on the relation between urban spatial structure and land use/take. Differently from the traditional approach to the territorial analysis of urbanization, based on multivariate statistical analysis on a number of different indicators, this work focuses on a single variable (urbanized area) for the territorial analysis. This variable is related to the urban spatial structure, as measured by the compactness degree of the urbanized area within the territory of the province.
To describe the urbanization pattern, a density gradient is estimated, following the empirical literature on CBD. A higher value of the density gradient identifies a more compact urban spatial structure while low values indicate sprawl.
The scene pictured by the result of the analysis, using data for 1999 and 2007 is the following.
Urban agglomerations structured in a compact manner around a single economic centre have prevented excessive consumption of agricultural land through its conversion for urbanization purposes. This general result need to be further declined considering the different levels of urbanization in the region. Hence, in the most urbanized part of the region, territories characterized by urban sprawl such as Milano and Monza e Brianza, have experienced a larger than expected land take while a lower than expected land take has been noted in more compact cities. (-6.191 z-stat in parenthesis. ***, ** and * denote significance at 99%, 95% e 90% respectively.
